Background: Silver is known for its antimicrobial activity. Silver coating effectively reduces Lactobacillus acidophilus and Streptococcus mutans count, thus reducing chances of dental plaque and caries. This silver coating may have effect on frictional property of orthodontic wires. Aim: The aim of this study is to evaluate and compare frictional resistance of silver-coated and uncoated stainless steel (SS) wires. Methods: Forty SS wires were divided into four groups of 10 each: Group 1 -0.017 × 0.025 inch SS wires (silver coated), Group 2 -0.017 × 0.025 inch SS wires (control), Group 3 -0.019 × 0.025 inch SS wires (silver coated), and Group 4 -0.019 × 0.025 inch SS wires (control). Surface modification of wires was carried out by the thermal vacuum evaporation method with silver (10 nm size) using vacuum-coating unit model. The frictional resistances of all forty wires were checked on forty 0.022 × 0.028 inch slot central incisor brackets (SS wires and brackets from American Orthodontics, St Paul, USA) mounted on metal plates using universal testing machine. Results: There was no significant difference found in frictional resistance between silver-coated and uncoated 0.017 × 0.025 inch SS wires group (P = 0.854). Statistically significant reduction in frictional resistance was observed in 0.019 × 0.025 inch coated SS wires in comparison to uncoated wires (P = 0.032). Conclusion: Overall silver coating either did not affect the frictional resistance (0.017 × 0.025 inch SS wires) or reduced it (0.019 × 0.025 inch coated SS wires) compared to uncoated wires. Findings suggest that the use of silver-coated SS wires in routine orthodontic practice can be implemented after further in vivo human clinical trials.
Introduction
Enamel demineralization/white spot lesions are one of the common adverse effects of fixed orthodontic appliance treatment. Due to morphological irregularity of fixed appliances, it creates favorable environment for microbial colonies. [1] Wires play key role in demineralization process among various fixed orthodontic appliances due to their presence throughout the orthodontic treatment. Cleaning of tooth surface becomes difficult in contact areas between wires and brackets, thus providing favorable environment for plaque accumulation.
In a study done by Eliades et al., [2] stainless steel (SS) showed the highest critical surface tension and total work of adhesion, indicating an increased potential for microorganism attachment
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For reprints contact: reprints@medknow.com on metallic brackets. Moreover, SS was found to promote specific changes in the oral environment such as reduced pH, higher plaque retention, and increased Streptococcus mutans and Lactobacillus acidophilus accumulation. [1, [3] [4] [5] [6] [7] [8] With the emergence of antibiotic-resistant strain of bacteria, certain metals specifically in nanoparticle form have gained attention. Nanoparticles are insoluble particles having size smaller than 100 nm. Bacteria are less likely to show resistance to metal nanoparticles as compared to conventional antibiotics. Nanoparticles can be used either by combining with dental materials or by coating the surface which aims to decrease the microbial adhesion and prevent caries. [9] Among the various metals, silver is known for its antimicrobial activity against Gram-positive and Gram-negative bacteria, fungi, protozoa, and certain viruses, including antibiotic-resistant strains.
Because of such properties, silver is widely used in burned areas, medical devices, and textile fabric and as a water purifier. [10] Various techniques have been tried to examine antimicrobial effects of silver metal. For such purpose, various techniques have been attempted for silver coating such as physical vapor deposition (PVD), electrodeposition, electroless deposition, and metallurgical. [11] Certain silver thin films prepared by PVD method exhibit a strong antimicrobial effect as compared to others. [12] In friction mechanics, tooth movement is achieved by guiding or "walking" a tooth along a continuous archwire with the use of a bracket. The friction that is generated at bracket-wire interface restricts tooth movement in the desired direction. For the clinicians practicing friction mechanics, it becomes necessary to understand the friction produced at bracket-wire interface in order to accelerate the tooth movement. [13] Few studies [9, 12, [14] [15] [16] have concluded that silver-coated wires have antimicrobial and antiadherent properties. This silver coating may have effect on frictional property of SS wires. Knowing the frictional resistance of silver-coated stainless wires is essential for regular use of these wires in orthodontics for moving the teeth. Thus, the present study has been taken up to quantitatively assess the effect of silver coating on frictional resistance of SS wires.
Methods
The study was carried out in the Department of The sample size was estimated using the sample size calculator, by which a sample size of forty wires was required to detect differences in frictional resistance values with a power of 80% and an alpha error rate of 5%, having a standard deviation of 34.04 and a clinically relevant difference (d) of 53. Figure 1 illustrates the design of the study. Table 1 describes groups of wires used for friction check.
Procedure of surface modification of stainless steel wires with silver particles
The instrument used for coating was HINDHIVAC (Hind High Vacuum Co., Bangalore) vacuum coating unit model no-15 F6.
Vacuum Coater 15F6 produces thin, homogeneous, uniform, pure film coatings of various metals to achieve controlled effects in applications such as optics, electronics, materials, and thin film coating. HINDHIVAC offers Vacuum-Coating Unit Model 15F6 with facilities for thermal evaporation, ion cleaning (bombardment), etc., with accessories for substrate heating, rotation, film-thickness monitoring, etc., Surface modification of SS wires in this study was carried out by thermal evaporation method [ Figure 2 ].
Pure silver (99.9%) was used to obtain thin coating on orthodontic wire. The thickness was kept constant at 10 nm for all depositions and it was measured in situ using a quartz crystal thickness monitor. The argon (Ar) gas was used as a sputtering gas (7 sccm), whose flow was controlled by the mass flow controller (MFC, AALBORG, Germany).
Direct current (DC) sputtering is a thin film PVD-coating technique where a target material to be used as the coating is bombarded with ionized gas molecules causing atoms to be "sputtered" off into the plasma. These vaporized atoms are then deposited when they condense as a thin film on the substrate to be coated. [16, 17] In this study, 40 W DC sputtering power and 10 milli torrent (m Torr) pressure were used. In this study, thickness of silver nanoparticle film is kept 10 nm to avoid any significant alteration in its dimension. [16] Forty SS sheets were cut in the sizes of one-inch wide and one inch in length. The vertical and horizontal reference lines were drawn on the plate.
Central incisor brackets were attached at the intersecting point of horizontal and vertical reference lines. The experimental procedure was carried out under dry conditions and at room temperature using a universal testing machine (UTM). The SS plate with the bracket was attached to the friction testing device. The SS plate with the bracket was fixed to the lower arm of UTM [ Figure 3 ].
The straight part of the posterior segment of wire was cut up to 20 mm. This straight segment of each wire was then ligated to the bracket with elastomeric ligature. One end of the wire was fixed in the upper arm of UTM and the other end of the wire was placed in the slot and secured with elastomeric ligature.
The load cell registered the force levels required to move the wire along the bracket; this level was then transmitted to a computer hard disk. The wires were moved on bracket at a crosshead speed of 0.5 mm/min. The unit for calculating load values of frictional resistance was Newton (N). After each test, the testing machine was stopped, the bracket-archwire combination was removed, and a new wire-bracket assembly was placed and tied with a new elastomeric ligature, and the frictional resistance was tested. [18] Results A comparison of maximum load using one-way ANOVA test showed that the mean difference value (Unit: N-Newton) of Group 4 (2.56 N) was highest followed by Group 3 (1.55 N), Group 2 (1.46 N), and Group 1 (1.18 N) [Tables 2 and 3 ]. This difference was statistically significant with a test F = 17.80 (P = 0.029).
Post hoc Tukey test showed that the difference between Group 1 and Group 2 was not statistically significant with a mean difference of −0.27 N (P = 0.854). The difference between Group 1 and Group 3 was not statistically significant with a mean difference of −0.37 N (P = 0.711). The difference between Group 1 and Group 4 was statistically significant with a mean difference of −1.38 N (P = 0.002).
The difference between Group 2 and Group 3 was not statistically significant with a mean difference of −0.09 N (P = 0.993). The difference between Group 2 and Group 4 was statistically significant with a mean difference of −1.10 N (P = 0.017).
The difference between Group 3 and Group 4 was statistically significant with a mean difference of −1.00 N (P = 0.032).
Discussion
From the time, when the symbiotic connection between S. mutans and L. acidophilus was first settled as causative factor for caries, various techniques have been attempted to counteract colonization of these microorganisms. At present, it is well established that the presence of S. mutans in oral cavity is responsible for caries initiation whereas L. acidophilus leads to caries progression. [16] Dental appliance surfaces act as passive surfaces for bacterial adhesion. Many surface-coating materials and surface-coating techniques are being attempted for preventing microbial adhesion on such surfaces. [19, 20] Different coating materials are being utilized as an anticipating measure to prevent bacterial adhesion. Among them, silver nanoparticles have pulled in consideration for their antibacterial and antifungal activities. Silver has been known to have such properties since centuries. As early as 1000 B. C., the antimicrobial properties of silver in rendering water consumable were admired. Silver particles have been in use for their restorative properties for a considerable length of time. Avicenna, in 980 AD, used and recommended silver as a blood purifier for heart palpitations and for hostile breath. [21] Silver was incorporated with arsphenamine, for its antimicrobial properties. It was also utilized as a part of syphilis treatment in the twentieth century.
Latest studies have shown positive results for surface modification of SS wires and brackets treated with photocatalytic titanium dioxide (TiO2) and titanium silver (TiAg). However, TiO2 coating can result in change in color of wires and brackets, and if coating on nickeltitanium wires is done, heating them at 500°C for 5 h is not desirable as it may bring in loss of its properties. [16] The mechanism of action of silver involves interaction of silver with thiol groups in enzymes and proteins. Other cellular components such as hydrogen bonding can also be involved in antimicrobial activity. Silver acts by binding to the key functional groups of enzymes. Silver causes release of K+ ions from bacterial plasma or cytoplasmic membrane, which is a site related with many important bacterial enzymes. This makes it an efficient target site for silver action and to carry out its antibacterial action and other properties. [22] In an investigation done by Mhaske et al., it was demonstrated that silver-covered wires have viable antibacterial and antiadherent properties against L. acidophilus. These outcomes suggested that silver nanoparticles can be extremely successful in controlling L. acidophilus and therefore reducing the caries progress. Decreasing the size of silver in nanoparticle shape is a basic condition for the powerful activity of silver. Smaller size particles give higher surface-to-volume ratio, causing more close interaction with microbial membrane and large surface zone for antimicrobial action. [16] Dry conditions were used for assessing frictional coefficient in the current study. There are controversies among different investigators regarding the effects of the simulation of intraoral lubrication. Few studies claimed that wet conditions were ineffective on several materials. [23, 24] Another study has reported that the use of artificial saliva led to increase in friction. [25] For this reason, in this study, dry condition was chosen.
In a research done by Kapur et al., it was reported that repetitions in using individual bracket-archwire assembly led to increased friction. For this reason, each bracket-archwire assembly in the current study was tested only once to avoid any increase in frictional forces caused by material wear. [26] According to a study done by Gandini et al., [27] the metal ligature produces less frictional force than elastomeric ligatures, though friction produced by metal ligature depends on the tying force between metal ligature and orthodontic archwire. Besides, metal ligature takes longer clinical chairside time in comparison to elastomeric ligatures. For such reasons, elastomeric modules were used in this study for securing archwires to brackets. [28] The results of this study suggested that there was no statistically significant difference in frictional resistance between silver-coated and uncoated 0.017 × 0.025 inch SS wires but showed significantly less frictional resistance in silver-coated 0.019 × 0.025 inch SS wires compared to uncoated group. This can be due to the difference in the play of 0.017 × 0.025 inch (15.5 degree) and 0.019 × 0.025 inch (9.6 degree) SS wires in 0.022 × 0.028 inch MBT prescription slot. [29] This reduced play in 0.019 × 0.025 inch SS wires plays a role in increasing frictional resistance. In our study, coated 0.019 × 0.025 inch SS wires have shown less frictional resistance than uncoated group suggesting beneficial use of silver coated SS wires in routine orthodontic practice.
Literature shows that surface treatment reduces friction up to 46%. Studies confirmed improvement in frictional properties of archwires by modifying the surface. [30, 31] The research done by Burstone and Farzin-Nia showed that there was a reduction in friction for titanium molybdenum alloy (TMA) wire treated with ion implantation than untreated TMA and steel wires which support our findings. [32] Concentration-dependent toxicity has been demonstrated with silver, and therefore, its use must be taken with caution. [16] In the list of hazardous heavy metals to public health, silver has not been mentioned yet, but still accumulation of this metal particle in the environment should be contemplated. The amount of silver required for successfully carrying out antiadherent/antibacterial properties and the maximum lethal dose should be determined if its toxicity is to be avoided before it can be incorporated in orthodontic materials.
The coating of silver particles is done only on the surface of wires and may be subjected to wear during archwire sliding. Assessing the properties such as durability and sustainability of silver coatings under clinical conditions in the oral environment is critical. Further studies are required in this concern. [16] 
Conclusion
The results of the study suggested that: • There was no statistically significant difference in frictional resistance between silver-coated and uncoated 0.017 × 0.025 inch SS wires • There was statistically significant reduction in frictional resistance observed in silver-coated 0.019 × 0.025 inch SS wires in comparison to uncoated wires.
Overall silver coating either did not affect the frictional resistance (0.017 × 0.025 inch SS wires) or reduced it (0.019 × 0.025 inch coated SS wires) compared to uncoated wires. Findings suggest that the use of silver-coated SS wires in routine orthodontic practice can be implemented after further in vivo human clinical trials.
